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Abstract
The ALICE experiment has measured the direct photon spectra in Pb-Pb collisions at
√
sNN = 2.76 TeV for three
different centrality selections. The measurement was performed emplying a method utilizing conversion of photons into
e+e− pairs in the detector material, and a method using the PHOS calorimeter. The two measurements were combined
in order to measure direct photons over a broad transverse momentum range of 0.9 < pT < 14 GeV/c. A direct
photon signal was observed in the thermal region 0.9 < pT < 2.1 GeV/c, with a significance of 2.6σ in the 20% most
central collisions. The corresponding direct photon spectrum can be described by an exponential with an inverse slope
parameter of (304 ± 11stat ± 40syst) MeV, without subtracting the hard scattering component, which is somewhat larger
than the inverse slope parameter of the direct photon spectrum at RHIC energies. Within uncertainties, the data can be
described by different models for photon production in heavy-ion collisions. These proceedings provide a summary of
the results published in [1] and [2].
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1. Introduction
Direct photons are produced in all stages of ultrarelativistic heavy-ion collisions that are performed with
lead nuclei at a center-of-mass energy of
√
sNN = 2.76 TeV at the LHC. Since they do not interact strongly
they leave the dense and hot nuclear medium produced in the collision unscathed. Direct photons are thus
believed to provide information about all stages of the collisions [3]. At high pT, direct photon production is
dominated by hard scattering processes and can thus be used to study the validity of binary or Ncoll scaling
of high pT particle production. At low pT, direct photons are produced in the quark-gluon plasma and the
hadron gas phase. Since these photons are from a thermal source, their spectrum follows approximately an
exponential distribution and contain information about the initial temperature of the medium and its subse-
quent evolution. However, the direct photon spectrum at low pT is a sum of contributions from all stages
of the space-time evolution of the medium, hence the interpretation of the measured photon spectrum is
not straightforward and based on assumption on the initial temperature, the expansion of the medium, and
blue-shift due to radial flow [4].
An earlier direct photon measurement in heavy-ion collisions was performed by the PHENIX experi-
ment, using internal conversion of photons [5]. The measurement confirmed the assumption of binary scal-
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ing between the high pT (& 5 GeV/c) direct photon production in pp and Au-Au collisions at
√
sNN = 200
GeV. At low transverse momenta (1 . pT . 4 GeV/c), they measured an excess of photons over the expec-
tation of Ncoll scaled pp data that could be parameterized by an exponential function with an inverse slope
parameter of Teff = 221 ± 19stat ± 19syst MeV. This measurement was later confirmed by a measurement
using conversion in the detector material where the slope was found to be Teff = 239±25stat ±7syst MeV [6].
At the LHC, isolated direct photons at large transverse momentum 22 < pT < 280 GeV/c and 20 <
pT < 80 GeV/c were measured by ATLAS [7] and CMS [8], respectively. These measurements confirmed
the binary scaling of direct photon production at high pT.
2. Measurement
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Fig. 1. Combined PCM and PHOS double ratio Rγ =
(γinclusive/pi0param)/(γdecay/pi
0
param) for three different central-
ity selections 0-20%, 20-40%, and 40-80% [2].
The ALICE detector has various capabilities to
measure photons and their energy. For this analysis,
photons were measured in two independent analyses,
using the ALICE tracking and PID capabilities by re-
constructing secondary vertices of e+e− pairs from
photons converted in the detector material, and using
the ALICE Photon Spectrometer (PHOS), a highly
segmented electromagnetic calorimeter. The details
of the measurement have been published in [1].
The Photon Conversion Method (PCM) benefits
from an excellent energy resolution at low pT, with
a pi0 peak width of σpi0 ≈ 3 MeV/c2. A high purity
of the photon sample of > 90% in central collisions
and > 98% in peripheral collisions was obtained by
using cuts on the decay topology and on electron
track properties. Due to the conversion probability
of ∼ 8.5%, the measurement is limited by statistics at
high pT, however it benefits from a large acceptance
of 2pi in azimuth and |η| < 0.9.
The PHOS calorimeter measures photons that
leave electromagnetic showers in the detector mate-
rial. It covers an azimuthal range of ∼ 60 degrees
and a pseudorapidity range of |η| < 0.13. Photons
are measured with a high energy resolution that re-
sults in a pi0 peak width of σpi0 ≈ 7 MeV/c2 at low
pT. Photons in the PHOS are selected by cuts on en-
ergy, size, and dispersion of calorimeter clusters, resulting in a high purity of the photon sample of 96−99%.
Both analyses use a statistical method to extract the direct photon signal from the data. First, inclusive
photon (γinclusive) spectra are measured using both analysis techniques. In a next step, the decay photon
(γdecay) spectra are calculated, based on the measured pi0 spectrum, for each method individually. The decay
photons from other mesons such as η, ω, η′ are derived from the pi0 spectrum, using mT scaling for most
mesons. Only for the η meson which contributes to ∼ 10 − 12% of the decay photons, a different approach
was used to account for a possible flow contribution. Hence, an alternative scaling was considered, using
the measured shape of the K0S spectrum as a proxy for the shape of the η spectrum. For the calculation of
the decay photons, an average of mT scaling and the K0S shape was used.
In order to reduce some uncertainties, the decay photon contribution was subtracted by calculating the
so-called double ratio Rγ = (γinclusive/pi0param)/(γdecay/pi
0
param), and then calculating the direct photon spectrum
as γdirect = (1 − 1/Rγ) · γinclusive. The measured pi0 spectrum was parameterized (pi0param) in order to calculate
the decay photon spectrum, this parameterization was also used in the double ratio.
B. Sahlmuller / Nuclear Physics A 00 (2018) 1–5 3
)c (GeV/
T
p
0 1 2 3 4 5
)2
c
-
2
 
(G
eV
yd Tpd Tp
di
r
γ
N2 d
 
ev
.
N
 
pi2
1
5−10
4−10
3−10
2−10
1−10
1
10
ALICE
 = 2.76 TeVNNs0-20% Pb-Pb 
)effT/Tp exp(-A sys
 40± stat  11± = 304 effT
PHENIX
 = 0.2 TeVNNs0-20% Au-Au 
)effT/Tp exp(-A sys 
 7± stat 25± = 239 effT
ALI−PUB−97914
)c (GeV/
T
p
0.5 1 1.5 2 2.5 3 3.5 4
)2
c
-
2
 
(G
eV
yd Tpd Tp
di
r
γ
N2 d
 
ev
.
N
 
pi2
1
5−10
4−10
3−10
2−10
1−10
1
10
210
2x 10
1x 10
0x 10
 = 2.76 TeVNNsPb-Pb 
  0-20% ALICE
20-40% ALICE
40-80% ALICE
)effT/Tp exp(-A
  0-20%
20-40%
Paquet et al.
arXiv:1509.06738
Linnyk et al.
arXiv:1504.05699 Chatterjee et al.
v. Hees et al. PRC 85(2012) 064910
NPA 933(2015) 256 + JHEP 1305(2013) 030
ALI−PUB−97767
Fig. 2. Left: Direct photon spectrum for the 0-20% most central events in Pb-Pb collisions at
√
sNN = 2.76 TeV and in Au-Au
collisions at
√
sNN = 0.2 TeV [6]. An exponential fit is shown for both spectra, covering the range 0.9 < pT < 2.1 GeV/c and
0.6 < pT < 2.0 GeV/c, respectively [2]. Right: Direct photon spectra for three different centrality classes (0-20%, 20-40%, and
40-80%), compared to theoretical calculations from different models [9, 10, 11, 12]. The 0-20% centrality class was scaled by a factor
of 100, the 20-40% class by a factor of 10. In addition, the 0-20% and the 20-40% centrality classes are fit with an exponential
function [1].
The systematic uncertainties of the inclusive photon spectrum in the PCM analysis are dominated by
the uncertainties on the material budget of the detector (∼ 4.5%), and on the photon selection criteria (up
to ∼ 4% at low pT). The main uncertainties of the PHOS measurement are the uncertainties on the energy
scale of the detector (∼ 9.5%), and on the reconstruction efficiency calculation (∼ 3% in 0-20% central
collisions).
The consistency of the two analyses was checked at different levels, using pseudo experiments to calcu-
late test statistics and subsequently a level of agreement between the analyses. The agreement was found
to be 1.2 standard deviations for the inclusive photon spectra, and 0.4 standard deviations for Rγ. Hence,
the results of the two analyses were combined into a single direct photon spectrum. More details on the
analyses and on the comparisons can be found in [1].
3. Results
The combined double ratio Rγ is shown in Fig. 1, for three different centrality classes. A clear excess is
observed at large pT in all centrality classes. At low pT, an excess is observed with a significance of 2.6σ
in the 0-20% most central event. The significance of the excess was quantified with the same method as the
consistency check between the two analyses, using Rγ = 1 as null hypothesis.
The direct photon spectrum for the 0-20% most central Pb-Pb events at
√
sNN = 2.76 TeV is shown in
the leftt panel of Fig. 2, together with the spectrum for the same centrality selection in Au-Au collisions
at
√
sNN = 0.2 TeV [6]. Both spectra are fit with an exponential function at low pT in order to extract the
respective slope parameters. The fit to the spectrum from [6] gives a slope parameter of Teff = 239± 25stat ±
7syst MeV, while the ALICE data were found to have a larger slope parameter of Teff = 304 ± 11stat ± 40syst
MeV which is consistent with a larger initial temperature of the medium at the larger centre-of-mass energy.
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Fig. 3. Nuclear modification factor RAA for the 0-20% (left) and 20-40% (right) centrality classes [2]. The pQCD calculation from [9]
was used as pp reference.
Note that for the fit to the ALICE data, the pQCD contribution was not subtracted to obtain the values given
here while PHENIX subtracted their measured Ncoll scaled pp spectrum from the Au+Au data.
The direct photon spectra for all three centrality classes are shown in the right panel of Fig. 2, in compari-
son to various theoretical models [9, 10, 11, 12]. All models include photons from hard scattering processes
calculated by pQCD. The models from [9, 10, 11] incorporate hydrodynamic calculations with different
descriptions of initial conditions, different formation times τ0 and different initial temperatures Tinit. The
model from [12] is based on a transport approach and a microscopic description of the evolution. All models
agree with the data within uncertainties.
The nuclear modification factor RAA can be used to quantify nuclear effects in heavy-ion collisions, it
was calculated for direct photons using the pQCD calculation from [9] as pp reference. It is shown in Fig. 3
for the 0-20% and 20-40% centrality classes. RAA is a different way to show the strong enhancement of
the direct photon production at low pT over the expectation from Ncoll scaled pp collisions, as well as the
validity of binary scaling at high pT.
4. Summary
In summary, ALICE has measured the direct photon spectra and RAA for different centrality selections
in Pb-Pb collisions at
√
sNN = 2.76 TeV, using two independent analysis methods [1]. The inverse slope
parameter of an exponential function fit to the spectrum was extracted and found to be Teff = 304 ± 11stat ±
40syst MeV in the 0-20% centrality class. The data were compared to various models that incorporate a QGP
and found to be consistent with the measurement.
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